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Abstract

Study objective: The National Heart, Lung, and Blood Institute evidence-based guidelines for 

timeliness of opioid administration for sickle cell disease (SCD) pain crises recommend an initial 

opioid within 1 hour of arrival, with subsequent dosing every 30 minutes until pain is controlled. 

No multisite studies have evaluated guideline adherence, to our knowledge. Our objective was to 

determine guideline adherence across a multicenter network.

Methods: We conducted a multiyear cross-sectional analysis of children with SCD who 

presented between January 1, 2016, and December 31, 2018, to 7 emergency departments (EDs) 

within the Pediatric Emergency Care Applied Research Network. Visits for uncomplicated pain 

crisis were included, defined with an International Classification of Diseases, Ninth Revision 
(ICD-9) and ICD-10 code for SCD crisis and receipt of an opioid, excluding visits with other 

SCD complications or temperature exceeding 38.5°C (101.3°F). Times were extracted from the 

electronic record. Guideline adherence was assessed across sites and calendar years.

Results: A total of 4,578 visits were included. The median time to first opioid receipt was 62 

minutes (interquartile range 42 to 93 minutes); between the first and second opioid receipt, 60 

minutes (interquartile range 39 to 93 minutes). Overall, 48% of visits (95% confidence interval 
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47% to 50%) were guideline adherent for first opioid. Of 3,538 visits with a second opioid, 

15% (95% confidence interval 14% to 16%) were guideline adherent. Site variation in adherence 

existed for time to first opioid (range 22% to 70%) and time between first and second opioid 

(range 2% to 36%; both P<.001). There was no change in timeliness to first dose or time between 

doses across years (P>.05 for both).

Conclusion: Guideline adherence for timeliness of SCD treatment is poor, with half of visits 

adherent for time to first opioid and one seventh adherent for second dose. Dissemination and 

implementation research/quality improvement efforts are critical to improve care across EDs.

INTRODUCTION

Background

Sickle cell disease (SCD) is an inherited blood disorder affecting approximately 90,000 

people in the United States, of whom 36,000 are children.1,2 The sickling of the 

abnormal hemoglobin in RBCs results in high rates of emergency department (ED) visits 

and hospitalizations.3,4 The most common reason for these acute visits is painful vaso-

occlusive crises. The Health and Medicine Division of the National Academies described 

pain management as a “moral imperative,” stating that pain is undertreated, especially 

in disadvantaged populations.5 An excellent example of the need for improved pain 

management in a disadvantaged population is pain caused by SCD. Acute care use rates 

in SCD are among the highest of any disease, are commonly due to painful vaso-occlusive 

crises, and are associated with high readmission rates.3,4 It is estimated that the average 

cost of care for a patient with SCD during a lifetime is $460,151.6 The painful episodes are 

unpredictable and severe, and result in significantly impaired health-related quality of life.7

Released in 2014, evidence-based guidelines from the National Heart, Lung, and Blood 

Institute (NHLBI) recommend timely evaluation and treatment of patients with painful vaso-

occlusive crises. The NHLBI endorsed evidence-based SCD-specific treatment guidelines to 

ensure that the highest quality of care is received for treatment of painful vaso-occlusive 

crisis episodes. Evidence-based guidelines for the treatment of vaso-occlusive crises in 

children with SCD recommend that the first dose of pain medication be given within 30 

minutes of ED triage or 60 minutes of registration. In addition, reassessment of pain with 

subsequent dosing is recommended every 15 to 30 minutes until pain is under control.8 

Unfortunately, data suggest that the implementation and dissemination of evidence-based 

guidelines is not universal.9–11 Single-site studies conducted before the release of the 

NHLBI guideline also suggested that the ED treatment for sickle cell vaso-occlusive crises 

would not have met the guideline.12–15

The Pediatric Emergency Care Applied Research Network (PECARN) Registry, a 

multicenter clinical repository of electronic health record data from 7 pediatric ED sites, 

is composed of more than 2.4 million overall pediatric ED visits annually.16 The registry 

data include time of arrival and names, as well as routes and times of all medication 

administrations, including opioids. All registry sites are children’s hospitals with established 

sickle cell expertise and EDs that are staffed primarily by pediatric emergency medicine–

trained physicians and use established sickle cell treatment guidelines. Our primary 
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objective was to determine guideline adherence since the release of the NHLBI guideline 

for time to initial opioid dose and time between first and second opioid for sickle cell pain 

crisis within registry sites. Our secondary objectives were to measure differences by site and 

changes during the 3 years of the study.

MATERIALS AND METHODS

Study Design

We conducted a cross-sectional study by year of all visits in the PECARN Registry between 

January 1, 2016, and December 31, 2018, by children aged 18 years and younger who 

presented to the ED with an uncomplicated pain crisis (defined later). All eligible visits, 

whether they resulted in hospitalization or treat and release from the ED, were included. 

The institutional review board at each site approved this study as part of an existing 

registry approval for research. The 7 clinical sites participating in the study, listed in 

author order, were Children’s Hospital of Wisconsin, Ann & Robert H. Lurie Children’s 

Hospital, Children’s National Hospital, Children’s Hospital of Philadelphia, Children’s 

Hospital Colorado, Nationwide Children’s Hospital, and Cincinnati Children’s Hospital 

Medical Center.

We developed a computable algorithm to accurately identify children with uncomplicated 

pain crises to ensure that we were analyzing children who met criteria for the national 

guideline for acute pain. To accomplish this, we validated by manual electronic health record 

review a cohort of children presenting to the Children’s Hospital of Wisconsin ED between 

January 1, 2014, and April 30, 2018, with a primary billing diagnosis for SCD (International 
Classification of Diseases, Ninth Revision [ICD-9] code 282.4* or 282.6*; ICD-10 code 

D57.*) or a chief complaint of sickle cell pain crisis or sickle cell fever and who received 

at least one opioid pain medication. This cohort was identified by the electronic health 

record data warehouse, using the above ICD-9 and -10 codes. A definition of uncomplicated 

pain crisis was defined as a visit in which the primary complaint was pain and there were 

no known complications of SCD (eg, acute chest syndrome) identified during the visit. A 

single reviewer extracted data from 1,198 visits by 350 patients and categorized each visit 

as an uncomplicated pain crisis or not. A second reviewer categorized 10% of those visits 

as uncomplicated or not, using the same definition, with greater than 90% concordance. Of 

the 1,198 visits, 902 (75.3%) were categorized as uncomplicated pain crises. After exclusion 

of children from the cohort who had a secondary diagnosis of acute chest syndrome or 

priapism or a temperature in the ED greater than 38.5°C, 92% of the sample remained with 

an uncomplicated pain crisis. This algorithm was then applied to all sites for identification of 

the eligible population and analysis of guideline adherence, using data from each site within 

the PECARN Registry.

The PECARN Registry was developed through an Agency for Healthcare Research and 

Quality (AHRQ)-supported R01 grant (HS020270) and captures electronic health record 

data on all ED visits to the sites.16 The registry includes demographics, clinical event 

time stamps, vital signs, medications administered in the ED, and coded diagnoses. All 

registry data are submitted monthly through a secure Web system hosted by a central data 

coordinating center. For this study, we used registry data from 2016, 2017, and 2018.
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The primary outcomes were the timeliness of ED opioid treatment and the percentage of 

guideline adherence for the first and second doses of opioids. Timeliness of first opioid 

was measured in minutes from arrival (the time recorded for initial registration) to the 

ED to receipt of first opioid; second opioid dosing was measured as the time between the 

receipt of the first and second opioid dose. In addition to median (and interquartile ranges) 

for timeliness, the percentage of guideline adherence for first dose within 60 minutes of 

arrival and time between first and second doses of 30 minutes were calculated. Each visit 

was treated as an independent event. We included all visits in the analysis regardless of 

pain scores because they are only one marker of severity, because opioids are first line if 

children have failed other medications at home, and to be consistent with other studies that 

have assessed adherence using pain scores other than severe.14 Of the visits, 75% of initial 

pain scores were severe, 18% moderate, and 7% mild. Medians and interquartile ranges 

were used to summarize time to first dose and time between first and second opioid doses. 

Differences in the percentage of visits meeting the guideline for first and second opioid 

administrations by site were compared with χ2 tests. A Cochran Armitage test for trend was 

used to test for a change in the percentage of adherent visits and the percentage of visits for 

patients who received intranasal fentanyl across years. We present data with sites identified 

only by number.

RESULTS

Characteristics of Study Subjects

During the 3 study years, there were 4,578 eligible visits by 1,374 individual patients. The 

average age at the visit was 13 years (SD 4.8 years), and 52% of the visits were by female 

patients.

Main Results

The analysis of timeliness of treatment revealed that the median time to first dose was 62 

minutes (interquartile range 42 to 93 minutes) (Table 1). Variation between the sites for 

median time to first dose ranged from 45 to 88 minutes. The median time between the first 

and second dose was 60 minutes (interquartile range 39 to 93 minutes), with variation by site 

for median time between the first and second dose ranging from 48 to 106 minutes (Table 2).

Overall analysis of guideline adherence showed that 48% of the 4,578 visits (95% 

confidence interval 47% to 50%) were guideline adherent for receipt of first opioid within 

1 hour of arrival (Figure 1). Of the 3,538 visits in which patients received at least 2 opioid 

doses, only 15% (95% confidence interval 14% to 16%) were guideline adherent for receipt 

of the second dose within 30 minutes of the first dose (Figure 2). When only individuals 

with an initial pain score classified as severe were evaluated, 50% were guideline adherent 

for time to first dose and 15% were guideline adherent for time between first and second 

dose. For individuals with an initial pain score that was moderate or severe, 49% were 

guideline adherent for time to first dose and 15% were guideline adherent for time between 

first and second dose.
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Significant site variation existed for guideline adherence for time to first opioid (range 22% 

to 70%) and time between first and second opioid (range 2% to 36%; both P<.001). In 

analyses of changes over time, there was no improvement in the percentage of visits with an 

opioid administered in the first 60 minutes (P=.78) or the percentage of visits meeting the 

second opioid administration guideline (P=.06).

Analysis of intranasal fentanyl use revealed a significant increasing trend in use across the 

3 study years, with 228 of 1,559 visits (15%) in 2016 receiving at least 1 dose of intranasal 

fentanyl compared with 326 of 1,499 (22%) in 2017 and 395 of 1,520 (26%) in 2018 

(P<.001). All sites used intranasal fentanyl for an eligible patient during each year of the 

study.

LIMITATIONS

Our study has several limitations. The use of a registry data set, although providing access 

to large numbers of children across multiple sites, relies on documentation in the medical 

record for the measurement of the timeliness of medication administration and to determine 

which visits included uncomplicated pain crises. Nevertheless, these are the official events 

as recorded in the health record and they were validated by manual chart review. Each 

study site independently validated the timing of opioid administrations in the ED and they 

were consistent with the registry data. We also performed our initial validation study that 

demonstrated that greater than 90% of our identified visits would be for uncomplicated 

sickle cell crises. Another limitation of the registry is that we did not have accurate 

data on treatments children may have received before ED arrival, including whether they 

received treatment at another facility before being transferred to one of the included EDs. 

Additionally, PECARN sites are academic tertiary and quaternary centers that have large 

pediatric hematology centers; therefore, these results may not be generalizable to other 

hospitals in the United States, such as general and community hospitals that care for many 

children and most adults with SCD. Because these other centers often do not have as many 

resources, these results may exceed the level of care many children receive in the United 

States. Finally, the study design did not allow us to identify site barriers and facilitators to 

achieving adherence with the guideline. Because barriers and facilitators to guideline-based 

care vary by site, future work will evaluate differences between sites in processes of care to 

help explain site differences and improve guideline-adherent care.

DISCUSSION

This analysis of a multicenter registry of large children’s hospitals demonstrates that 

guideline adherence for timeliness of opioid treatment for children with SCD presenting 

with a painful vaso-occlusive crisis is poor. Less than half of patients received a first opioid 

within 60 minutes of arrival, and only 1 in 7 who received a second opioid received it within 

30 minutes of the first dose. These poor rates of guideline adherence occurred despite the 

presence of dedicated sickle cell care teams and pediatric EDs with established sickle cell 

pain guidelines at each site.
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Recent work to improve timeliness of ED care for children with SCD and painful vaso-

occlusive crises suggests improvement in timeliness with the use of intranasal fentanyl and 

standardized clinical protocols.14,17 Historically, only 20% of hospitals have reported having 

SCD care protocols, although this proportion has increased with electronic health record 

use.15 A single-site study within a pediatric ED, conducted predominantly with patients 

older than 18 years, used a standard algorithm for those with SCD and vaso-occlusive 

crises that included a first dose of intranasal fentanyl and 2 subsequent doses of intravenous 

opioids that could be given every 20 to 30 minutes.14 The authors reduced the mean time 

to first dose of parenteral opioid from 56 to 23 minutes and the mean time to second 

intravenous opioid dose from 106 to 83 minutes. Although the time to first-dose opioid met 

the guideline for the majority of patients, data on guideline adherence were not presented 

for subsequent dosing, but the results suggested improvement. Despite the combined release 

of the NHLBI guideline and the increasing use of intranasal fentanyl in our study, our data 

suggest that widespread improvement has not occurred, with significant delays in receipt of 

first opioid pain medication still present for more than half of children with uncomplicated 

crises. It is unclear why the expected improvement has not occurred, but simply developing 

guidelines is not sufficient; rather, the guidelines require dedicated efforts at dissemination 

and implementation during numerous years to allow broad, consistent use of recommended 

therapies. That guidelines often contain recommendations that are difficult to implement in a 

busy clinical setting and are perceived to promote “cookbook medicine” are reasons cited for 

slow uptake.18

The opioid abuse epidemic and concern about opioid overuse has potentially also had an 

influence on the timeliness of opioid administration. ED physicians rate opioid misuse 

higher in the sickle cell population than do the hematologists who provide most of their 

sickle cell–related care.19 With the recent increasing concern about opioid misuse, patients 

with SCD are reporting that their opioid prescriptions have become more difficult to fill and 

their opioid use has come under more intense scrutiny.20 With SCD predominantly affecting 

blacks, the extent to which implicit bias may also play a role is unclear.21,22 Together, these 

factors might present barriers to implementation of a rapid treatment guideline for opioid 

treatment in sickle cell patients. The extent to which these factors explain our findings in 

a population of children with SCD presenting to children’s hospital EDs is unknown but 

warrants further evaluation.

In conclusion, the timeliness of opioid treatment for children with SCD who present with 

a painful vaso-occlusive crisis is poor. Dissemination and implementation research/quality 

improvement efforts are critical to improve care across EDs.
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Figure 1. 
Percentage of children with SCD who presented to the ED with a pain crisis and received 

their first opioid analgesic within 60 minutes of arrival. Sites are deidentified but consistent 

across tables and figures.
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Figure 2. 
Percentage of children with SCD who presented to the ED, received at least 2 doses of 

opioids, and received their second opioid analgesic within 30 minutes of their first one. Sites 

are deidentified but consistent across tables and figures.
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